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Abstract: An evaluation model for the rationality of the landscape design of urban rivers was established
with the analytic hierarchy process (AHP) method so as to provide a foundation for updating the landscape
design of urban rivers. The evaluation system was divided into four layers, including the target layer, the
comprehensive layer, the element layer, and the index layer. Each layer was made of different indices. The
evaluation standards for each index were also given in this paper. This evaluation model was proved tenable
through its application to the landscape design rationality evaluation of the Weihe River in Xinxiang City of
Henan Province. The results show that the water quality, space, activity, facility, community, width of
vegetation, sense of beauty and water content are among the most influential factors and should be considered
the main basis for evaluating the rationality of the landscape design of urban rivers.
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1 Introduction
Rivers flowing through cities provide ecological benefits, including water supply, pollution
control and biological protection (Chen et al. 2007); social benefits, including places for leisure,
recreation and popular science education (Zhang et al. 2008); and economic benefits, including
tourism and the increase of the valuation of neighboring land. Because of the public’s preference
for the river landscape (Wang 2007), rivers are the most attractive zones as well as the most
active zones in cities (Zhang 2002). In recent years, most cities have begun to pay attention to the
landscape design of urban rivers and tried not only to protect the ecological environment but also
provide a place of recreation for the public. However, some problems have appeared during the
landscape design, of which the most common is the damage to river ecosystems. Evaluating the
rationality of the landscape design of urban rivers has become a burning issue.
Quantitative methods have the advantages of accuracy and ease of comparison. Therefore,
it will be important to apply quantitative methods to the evaluation of the rationality of the
landscape design of urban rivers. At present, most landscape planning and design methods rely
on the experiences and subjective opinions of landscape architects, with low measurability.
Many landscape characteristics of urban rivers have been highlighted, but many important
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elements have been neglected. For example, the cultural features have been highlighted, but the
ecology has been neglected; or the ecology has been highlighted, while the amusement and
leisure features have been neglected (Wang and Li 2003; Wang et al. 2008). Therefore, a
unified standard should be established.
AHP, developed by Professor Saaty (1980, 1986, 1994) of Pittsburgh University in the
1980s, is a method by which a complicated problem may be resolved into some components in
an orderly and relative hierarchy in order to determine the relative importance of each
component through one-to-one calculation. It has the advantage of solving problems
qualitatively and quantitatively, combining the experience and judgment of deciders into the
model with quantitative treatment. AHP has already been applied in many fields, such as
industrial controlling, engineering, economics, medicine and mining (Karadogan et al. 2001;
Gershon et al. 1993; Bascetin 2004; Bascetin and Kesimal 1999a, 1999b; Toren 2002).
Yamashita (2002) explored the visual evaluation of water landscapes with the photo-projective
method (PPM), but the results were possibly erroneous when the photos were different, and
this study paid more attention to the visual quality. Corresponding methods for river health
evaluation have been put forward. These methods have conformed to the urban river’s
functional characteristics by considering the social indicators, but the indicators have still not
been comprehensive, and the evaluation methods have not reflected the real situation when all
indicators were considered equally important (Cai and Hu 2008). However, no report on the
application of AHP to the establishment of an evaluation model for landscape design of urban
rivers has been made. Based on the uniform standard, a landscape comparison can be made
between different rivers and between different works on the same river.
2 Method
Index weight values of modification factors were determined using AHP. This method is a
systematic and hierarchical combination of qualitative and quantitative analysis. People often
use it to find the weights of multiple targets within the overall goal or the weights of multiple
factors linked to multiple goals. When band structure forms among multiple targets and
multiple factors, we use AHP to calculate the weight of one goal or factor in one layer to those
of superior layer. Thus, we can find the weights of the overall goal (Zhang et al. 2005). Twenty
questionnaires were handed out (17 recalled) to experts on landscape planning of Henan
Agriculture University, Henan University of Science & Technology, Henan Institute of Science
& Technology, and Zhengzhou University to determine the relative importance of each
criterion. These experts, all between the ages of 40 to 60 years old, have long-term and rich
experience in teaching, research and practice of water landscape planning and design, and all of
them have managed large-scale river landscape planning and design directly. In case study, this
method was applied to the landscape design rationality evaluation of the Weihe River in
Xinxiang City of Henan Province, and the rational proposals for the Weihe River’s landscape
renewal were put forward based on the evaluation results.
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3 Evaluation indices and weights
3.1 Evaluation indices
The accurate evaluation of the landscape design of urban rivers relies on the rationality of
the selected indices and the accuracy of the index valuations. There are many factors
influencing the landscape design of urban rivers. Those indices that can essentially reflect the
sustainable development of rivers should be selected. Rivers are products of the natural
processes and they combine the features of aquatic ecosystems and terrestrial ecosystems. The
natural demands must be met first. Nature should be simulated and the ecosystems should be
protected, and then the landscape design can be conducted so as to provide the public with a
place for leisure and entertainment. The urban river should also be infused into the society so
that the public can reach the river and enjoy the beneficence of nature in a colorful and safe
environment with a natural landscape and a functional ecosystem.
Based on AHP, we divided the evaluation system into the following four levels: The first
level is the target layer, i.e., the rationality of the landscape design of the urban river; The
second level is the comprehensive layer, including four major criteria: nature, ecology,
landscape and traffic; The third level is the element layer, including eight specific indices:
waterfront, vegetation, aquatic ecology, terrestrial ecology, function of use, psychological
function, external traffic and internal traffic; The fourth level is the index layer, including 21
indices. Evaluation standards of the indices of the index layer are shown in Table 1. Experts
scored the 21 indices of the index layer according to the evaluation standards listed in the right
column of Table 1. The lowest score is 0, the median is 1.5, and the highest score is 3, so the
highest total score is 3.
Table 1 Evaluation standards of index layer
Index layer (21 indices) Evaluation standard
Shoreline Winding and zigzagging; bending; straight-line form
Embankment Close-to-natural grass slope embankment; stone embankment; concrete embankment
Community
Close-to-natural community with a combination of trees, shrubs and grasses and abundant
facades; community with a combination of trees, shrubs and grasses and a single facade; single
facade and no community
Plant species More than 150; between 70 and 150; less than 70
Water content Enough water; moderate; not enough
Water quality Clear and tasteless; a little turbid and odorous; serious pollution
Aquatic biology Rich variety; moderate; lacking
Width of vegetation zone More than 50 m; between 20 m and 50 m; less than 20 m
Coverage of vegetation zone More than 70%; more than 40%; less than 40%
Space Reasonable spatial organization; moderate; disorderly
Facilities Enough facilities; moderate; lacking
Illumination Meets safety and landscape requirements; only meets safety requirements; not safe
Hydrophilicity Experiences sufficient hydrophilicity; moderate; lacking
Safety No hidden danger; a little hidden danger; unsafe
Activities Abundant; moderate; poor
Sense of beauty Very beautiful; moderate; unbeautiful
Culture Sufficient cultural features; moderate; none
Accessibility Connection with urban trunk road; connection with urban branch road; without connection
Public traffic Very convenient; moderate; not convenient
Connection No disconnection; occasional disconnection; frequent disconnection
Comfort level Fine; general; bad
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3.2 Calculating weights of evaluation indices
An expert calculation based on the total-aim evaluation model tree scores the relative
importance of evaluation indices between the levels. A series of values scaled according to
AHP and the matrix of relative importance are given in Table 2 (He et al. 2006).
Computational process of weights is shown as follows:
Table 2 Relative importance scales of AHP Table 3 RI values in matrix including 1-10 order
Linguistic term Scale w
Reciprocal
scale
Order RI Order RI
Equal importance 1 1 1 0 6 1.26
Moderate importance 3 1/3 2 0 7 1.36
Essential importance 5 1/5 3 0.52 8 1.41
Very vital importance 7 1/7 4 0.89 9 1.46
Extreme vital importance 9 1/9 5 1.12 10 1.49
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where wi is the relative importance of the ith index of the index layer, as shown in Table 2.
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The consistency ratio (CR) is:
CICR
RI
= (6)
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where RI is the random index (Table 3). If CR ˘ 0.1, it means that evaluations tend to be
consistent. For multiple levels, CRH˘ 0.1 should be satisfied, and
CIHCRH
RIH
= (7)
where CIH is the consistency index of the hierarchy, RIH is the random index of the hierarchy,
and CRH is the consistency ratio of the hierarchy.
According to Step1 to Step 4, the local weights of each layer and the global weights are
shown in Table 4, and the consistency check is tenable based on Step 5.
Table 4Weights of evaluation indices in each layer of AHP
Target layer
Comprehensive
layer Element layer Index layer Score
Content Localweight Content
Local
weight Content
Local
weight
Global
weight
Rationality
of landscape
design of
urban river
Nature 0.125 5
Waterfront 0.225 0 Shoreline 0.791 7 0.022 5 1.2Embankment 0.208 4 0.005 8 1.4
Vegetation 0.775 0 Community 0.708 4 0.069 9 1.8Plant species 0.291 7 0.028 5 3.0
Ecology 0.436 1
Aquatic ecology 0.775 0
Water content 0.239 2 0.080 3 1.5
Water quality 0.691 3 0.235 1 1.1
Aquatic biology 0.069 7 0.023 7 0.7
Terrestrial
ecology 0.225 0
Width of vegetation zone 0.775 0 0.076 2 3.0
Coverage of vegetation zone 0.225 0 0.022 0 1.9
Landscape 0.377 4
Function of use 0.816 7
Space 0.287 1 0.089 1 2.1
Facilities 0.255 5 0.079 2 1.6
Illumination 0.030 9 0.009 6 1.4
Hydrophilicity 0.047 1 0.014 6 2.7
Safety 0.097 2 0.030 2 0.8
Activities 0.282 4 0.087 7 1.3
Psychological
function 0.183 4
Sense of beauty 0.845 2 0.058 7 1.5
Culture 0.154 8 0.010 7 0.8
Traffic 0.061 1
External traffic 0.458 4 Accessibility 0.225 0 0.005 7 2.1Public traffic 0.775 0 0.019 6 2.3
Internal traffic 0.541 7
Connection 0.775 0 0.024 0 0.9
Comfort level 0.225 0 0.006 9 1.2
4 Application and result analysis
4.1 Application
The Weihe River is the mother river of Xinxiang City. Historically, there were eight
famous landscapes, including the famous landscape of “Wei shui jin bo”. However, with the
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development of industry, the Weihe River has been seriously polluted and lost its former
scenery. Along with the increasing concern about the landscape of urban rivers by the city’s
citizens, Xinxiang City has made a renovation of the Weihe River whose objective is to
provide the citizens with a good place for leisure and entertainment. An overall evaluation has
been conducted with the evaluation model for the rationality of landscape design of urban
rivers. The average scores of the 21 indices of index layer in regard to the Weihe River in
Xinxiang City are shown in the rightmost column of Table 4. The score acts at a 0-3 interval
by the experts according to the standards listed in Table 1, and the total score (TS) calculated
based on the global weights shown in Table 4 is 1.6, or 53 when converted to a centesimal
system. It can be seen that the landscape design renovation for the Weihe River in Xinxiang is
unsuccessful.
4.2 Result analysis
With the cutting of the bends, concrete hardening has been conducted in sections of the
river and the natural landscape of the river has been destroyed; the widest vegetation zone is
120 m, but the area of the lawn is too large; the water shortage has not been resolved, and the
polluting enterprises have not been controlled efficiently, so the water quality of the Weihe
River is poor; wooden roads and wooden platforms have been built to add hydrophilicity, but
the protection measures are not enough, so safety has deteriorated; the Weihe River runs
through the whole city of Xinxiang, but there is no wheelchair access at all crossings of the
river and the city roads, and the connection is bad; at present the new attractions are not
sufficient and vitality is lacking. Therefore, the landscape design for the Weihe River in
Xinxiang should be renovated so as to provide the urban public with a more pleasant
waterfront area. Firstly, because the waste water discharged by the polluting enterprises is the
primary cause of the Weihe River pollution, polluting enterprises must be forced to use
purification equipment or change their spatial arrangement. Secondly, a secure and joyful
transportation system should be established to link points across the whole landscape. Thirdly,
we should restore the natural and winding riverbank, construct a riverfront forest, increase the
biodiversity, construct an ecological hydrophilic embankment, increase water content, and
improve water quality. Finally, various spaces should be combined to provide the public with
abundant activity places.
5 Conclusions
(1) AHP is a method combining qualitative and quantitative analyses, and it is effective in
determining the weight of each item of the general goal. It is widely applicable to quantitative
evaluation of the rationality of the landscape design of urban rivers. AHP improves the
accuracy of evaluation of the rationality of the landscape design of urban rivers.
(2) Factors such as water quality, space, activity, facility, community, width of vegetation,
sense of beauty and water content have a greater influence, and should be considered the main
indices for evaluating the rationality of the landscape design of urban rivers.
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(3) The evaluation of the Weihe River in Xinxiang indicates that a waterscape cannot be
formed only with the treatment methods of the landscape environment, but from many aspects,
such as nature, ecology, landscape and connection.
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